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Using two hopefully reasonable assumptions plus existing data on the analyz- 
ing power in high energy proton-proton elastic scattering, we estimate that 
the hadronic helicity-flip amplitude at P\_ of 0.003 (GeV/c) 2 is neglible near 
300 GeV. This would allow the absolute calibration of a CNI polarimeter. 

To successfully accelerate a polarized proton beam to a very high energy, one must 
somehow measure the beam polarization. Unfortunately, above about 100 GeV, 
the hadronic spin asymmetries used in most present polarimeters are small and not 
well known. Fortunately, in 1948 Schwinger [1] proposed that the neutrons from 
neutron-nucleus elastic scattering would have a large and energy-independent polar- 
ization due to the interference between the hadronic (Nuclear) and electromagnetic 
(Coulomb) scattering amplitudes. This Coulomb-Nuclear Interference (CNI) polar- 
ization was subsequently studied for proton-proton elastic scattering by Kopeliovich 
and Lapidus [2] and later by Buttimore, Gotsman and Leader [3]. The simplest ver- 
sion of the CNI formula has zero parameters. 

However, this simplest version does assume that the hadronic single-helicity-flip 
amplitude is zero. In using the CNI mechanism for a precise high energy polarimeter, 
one must question the validity of this assumption. This paper attempts to make a 
reliable estimate of the CNI analysing power A n near 300 GeV, by trying to set a 
limit on the hadronic single-flip amplitude. There have been previous attempts to 
estimate this single-flip amplitude using other techniques [4, 5] and one attempt to 
measure the CNI polarization at 200 GeV [6]. 

The total proton-proton elastic scattering amplitude in the helicity state i is 



the electromagnetic amplitudes ff can be easily calculated using QED. At small 
P]_ or — t, the dominant hadronic amplitudes f^ seem to fit an exponential; its 
parameters are well determined by measurements of the total cross-section, the 
slope of the diffraction peak, and the ratio of the real to imaginary amplitudes. 

The hadronic part of the proton-proton interaction seems to be helicity conserv- 
ing; the CNI analysing power would be then due to the interference between a real 
electromagnetic helicity-flip amplitude and an imaginary hadronic helicity-nonflip 
amplitude. However, the hadronic interaction may not conserve helicity in small 
angle scattering. Helicity conservation does not follow from QCD in a region where 
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chiral symmetry is spontaneously broken. In Regge theory the Pomeron is usually 
assumed to be helicity conserving; however this assumption has not been tested. 
Moreover it was shown that unitarity, which is the absorptive correction, generates 
different phases in the helicity-ffip and nonfiip Pomeron contributions [7] . The CNI 
analysing power would certainly change if there were any significant hadronic single- 
helicity-flip amplitude. Thus, we will try to use the existing experimental data on 
the analysing power in proton-proton elastic scattering to estimate the hadronic 
single-helicity-flip amplitude near Ei ab = 300 GeV, where one might use a CNI po- 
larimeter with a polarized proton beam [8, 9]. 

In standard calculations, the CNI analyzing power arises through the interference 
between the Coulomb helicity-single-flip amplitude f§ and the hadronic (Nuclear) 
helicity-nonflip amplitudes and f^. However, there could also be a non-zero 
hadronic helicity-single-flip amplitude f^, which can be parameterized by 
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We assume that, at small —t, the ratio r does not depend strongly on —t. One 
can then estimate r from the high energy A n data near —t = 0.2 (GeV/c) 2 . At 
small t, one can neglect the three hadronic helicity-flip amplitudes f^, f± and 

in comparison to the helicity-nonflip amplitudes and f% ■ Indeed, at small 
t, due to conservation of angular momentum, f± is proportional to —t while f§ 
is proportional to y/^i. Moreover, at small t, the imaginary part of is propor- 
tional to A<7f, which is the difference between the transverse-spin total cross-sections, 
a tot —a tot (| J.); this difference is probably small at high energies [10]. 

We shall also assume that = f£* at small t, since the existing 12 GeV data 
on An is small, and the existing A07 data is small and decreases with energy. Thus, 
for purely hadronic processes at small t, 

where 

^ ^ Iffl 2 (4) 

dt ~ s(s-Am 2 y Jl 1 K ' 

Note that, at high energy and small —t, the spin-nonflip amplitude f± is primar- 
ily imaginary because the elastic hadronic nonflip scattering is primarily the diffrac- 
tive shadow scattering due to the dominant inelastic processes; thus, ff ~i\ff*\. 
However, the spin-flip amplitude can have both a real and an imaginary part; 
writing it as = If^le 1 ^ 5 , we have 

where 05 is the phase. Note that 05 = 7r/2 corresponds to a pure imaginary helicity- 
single-flip amplitude while the phases and tc correspond to a pure real f^. 
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Now by combining Eqs. (4) and (5), we obtain 
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A n = -2^ cos (/. 5 (6) 
\Ji I 

Combining Eqs. (2) and (6), we then obtain a simple approximation for r, which is 
valid at small —t. 

A An7U <>7\ 

rcos0 5 --^7=|- ^ 

For any hadronic scattering process, angular momentum conservation implies 
that A n must go to zero at t — 0; for the scattering of two spin-1/2 protons, A n 
should be proportional to \f^-t near t = 0. Moreover, the experimental data near 
—t = 0.2 (GeV/c) 2 imply an s~ l energy dependence for A n ; therefore, we have 

A. = (8) 
s 

The constant A ~ 3.6 GeV can be obtained from the A n = 1.6/s fit to the experi- 
mental data. Then the estimate for the parameter r is 

Am 1.7 , N 

r cos 05 ~ — — ~ . (9) 

ZiS s 

At 300 GeV we then obtain r cos 05 ~ 0.003, which we assumed can be extrapolated 
from -t = 0.2 to 0.003 (GeV/c) 2 . 

Now we can estimate the hadronic contribution to the full single helicity-flip 
amplitude / 5 = ff+f^, where 

fc „ asgmm m 



where a = 1/137 and g = 1.79 is the proton's anomalous magnetic moment, while 
F 1 (t) and F 2 (t) are the proton's form factors. We use the standard exponential 
parameterization for the hadronic amplitude at high energies and small t [2, 3, 5] 

fN _ t(cos0 5 + isin0 5 ) sy^t (p 2 + l) 1/2 a t ot e bt/2 

8n m 

At 300 GeV, the ratio of the real to the imaginary forward scattering amplitude 
squared p 2 is experimentally well below 0.003 [11], while a tot is about 40 mb. More- 
over, the e 6 */ 2 term and both form factors are all very close to 1 at — t — 0.003 (GeV/ c) 2 . 
Thus, at 300 GeV and -t = 0.003 (GeV/c) 2 we obtain 



fN 
Jl 

h 



~ 1.9r(cos0 5 -Hsin0 5 ) (12) 



Now we assume that r sin 05 is not much larger than r cos 05. This is because 
the helicity-flip amplitudes certainly can not be diffractive shadow scattering, since 
the final and initial spin states are different. Then we estimate that 
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t(cos 05 + i sin 5 ) = 0.003(1 + i), 



(13) 



thus we have 
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c 



~ 5.7- 10 3 | 1 +i| < 10~ 2 



(14) 



Thus, at -i = 0.003 (GeV/c) 2 and 300 GeV, the hadronic amplitude is at least 100 
times smaller than the Coulomb amplitude. Therefore, the two assumptions: 

1. r depends weakly on —t 

2. <f)§ is not pure imaginary 

allow one to neglect and use the standard calculation of the CNI analysing power 
[2, 3]. This result does not contradict the earlier estimate [5], but it does set a more 
stringent limit on the hadronic helicity-flip amplitude. 
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